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(57) ABSTRACT 

The present invention is an electronic musical instrument 
that in appearance and playing characteristics closely 
resembles ?ute-like instruments such as a conventional ?ute 
or a shakuhachi. The instrument comprises an electronic 
controller that has operating characteristics that resemble a 
?ute and computer software executable on a computer for 
converting signals from the controller into data suitable for 
generating complex sound from conventional speakers. 
Thus, the instrument provides the complexity and nuance of 
control of an acoustic instrument While being capable of 
generating sounds that an acoustic instrument cannot make. 
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FLUTE CONTROLLER DRIVEN DYNAMIC 
SYNTHESIS SYSTEM 

CROSS REFERENCE TO PROVISIONAL 
APPLICATION 

[0001] This application claims the bene?t of provisional 
application No. 60/787,148, ?led Mar. 28, 2006, Which is 
incorporated herein in its entirety. 

SOFTWARE APPENDIX 

[0002] The softWare programs on the enclosed CD-ROM 
Appendix, attached to the ?le of this patent application, With 
identical CD-ROM Copy 1 and Copy 2, are incorporated by 
reference herein. The software programs are: File name: 

CiliaASCII.txt; Created: Mar. 27, 2006; SiZe (bytes): 201, 
000; and File name: CiliaMicroprocessorASCII.txt; Cre 
ated: Mar. 27, 2006; SiZe (bytes): 42,000. 

BACKGROUND OF THE INVENTION 

[0003] This relates to an electronic musical instrument. 
Keyboard and percussion electronic musical instruments are 
Widely knoWn. There is a need, hoWever, for electronic 
musical instruments that are based on other types of musical 
instruments such as Wind instruments. 

SUMMARY OF THE INVENTION 

[0004] The present invention is an electronic musical 
instrument that in appearance and playing characteristics 
closely resembles ?ute-like instruments such as a conven 
tional ?ute or a shakuhachi. The instrument comprises an 
electronic controller that has operating characteristics that 
resemble a ?ute and computer software executable on a 
computer for converting signals from the controller into data 
suitable for generating complex sound from conventional 
speakers. Thus, the instrument provides the complexity and 
nuance of control of an acoustic instrument While being 
capable of generating sounds that an acoustic instrument 
cannot make. 

[0005] In a preferred embodiment the controller comprises 
a housing, a mouthpiece mounted on the housing, and a 
plurality of ?nger track pads mounted on the housing and 
positioned so that a player’s ?ngers can engage the track 
pads While the mouthpiece is held to his or her mouth. In a 
preferred embodiment, the mouthpiece comprises a Wind 
separator having ?rst and second major surfaces and a 
microphone mounted on each of the ?rst and second sur 
faces. The Wind separator splits the player’s air column 
using an open lip technique While the microphones function 
as amplitude sensors. Preferably, there are ?ve track pads 
positioned to be engaged by tWo ?ngers of each hand and 
one of the player’s thumbs. Preferably, the controller also 
comprises a poWer ampli?er for amplifying the signals from 
the microphones and a microprocessor for processing the 
signals from the track pads. 

[0006] The computer softWare processes breathing events 
detected by the microphones and ?ngering events detected 
by the track pads and uses the resulting signals to control a 
plurality of signal synthesiZers and envelope generators. In 
a preferred embodiment, the signals from the track pads are 
processed by a microprocessor and forWarded via a USB 
MIDI interface to the computer While the signals from the 
microphones are forWarded via a FireWire audio interface to 
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the computer. The signals output from the computer are 
supplied via the FireWire audio interface to a mixer, a poWer 
ampli?er and ?nally to a speaker system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] These and other objects, features and advantages of 
the invention Will be more readily apparent from the fol 
loWing Detailed Description in Which: 

[0008] FIG. 1 is a schematic illustration of an illustrative 
embodiment of an electronic musical system of the present 
invention; 
[0009] FIGS. 2A and 2B are a schematic illustration and a 
side vieW of an illustrative embodiment of a controller for 

the present invention; 

[0010] FIGS. 3A, 3B and 3C are schematic illustrations of 
alternative embodiments of the mouth pieces of the present 
invention; 
[0011] FIGS. 4A, 4B and 4C are illustrations of alternative 
embodiments of mouthpieces of the present invention; 

[0012] FIGS. 5A and 5B are a frontal vieW and a side vieW 
of track pads of the present invention; 

[0013] FIGS. 6A and 6B are schematic illustrations of 
alternative circuit boards of the controller of the present 
invention; 
[0014] FIG. 7 is a ?owchart depicting processing of breath 
events; 

[0015] FIG. 8 is a ?oWchart depicting processing of ?n 
gering events; 

[0016] FIG. 9 is a ?oWchart depicting the softWare routine 
for the sound generation process of a ?rst embodiment of the 
invention; 
[0017] FIG. 10 is a ?oWchart depicting the organiZation of 
the signal synthesiZers of a ?rst embodiment of the inven 
tion; 
[0018] FIG. 11 is a ?oWchart depicting a ?rst synthesiZer; 

[0019] FIGS. 12 and 13 are ?oWcharts depicting a second 
synthesiZer; 
[0020] FIG. 14 is a ?oWchart depicting an envelope gen 
erator; and 

[0021] FIG. 15 is a ?oWchart depicting a polling process. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The present invention is a ?ute controller driven 
dynamic synthesis system 100 schematically depicted in 
FIG. 1. System 100 comprises a controller 105, ?rst and 
second interfaces 115 and 120, ?rst and second computers 
135, 140, mixer 175, poWer ampli?er 180 and left and right 
speakers 185 and 190. Controller 105, Which is described in 
more detail in FIGS. 2A, 2B, 3, 4A-C, 5A and 5B includes 
?rst and second microphones 205 and 215, a preliminary 
microphone ampli?er 106, ?nger track pads 107, and a 
?nger track pad microprocessor 108. Illustratively, the 
microphones are model number EM 6050N-51 microphones 
manufactured by ShenZhen Horn Industrial Corp. The 
microphones are connected by a standard RCA audio cable 
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(not shown) to the preliminary microphone ampli?er 106. In 
one embodiment of the invention the speci?c ?nger track 
pads 225, 230, 235, 240, 245 are the TouchPad StampPad 
Module Model TM41P-240 manufactured by Synaptics Inc. 
The ?nger track pads are connected by specialty cable made 
by PARLEX CORP, model number 1598 AWM STYLE 
20890 (not shoWn) to the ?nger track pad microprocessor 
108. Illustratively, microprocessor 108 is a PIC 1813886 from 
Microchip, Inc., running at 40 MHZ. 

[0023] A standard 1A inch audio cable 109 connects to ?rst 
interface 115; and a cable 110 connects microprocessor 108 
to second interface 120. A USB cable 125 connects second 
interface 120 to ?rst computer 135. Cables 130 and 155 
connect ?rst interface 115 to ?rst computer 135 and back. An 
Ethernet cable connection 145 and an audio signal cable 150 
extend from ?rst computer 135 to second computer 140; and 
an audio signal cable 160 extends from second computer 
140 to ?rst interface 115. Stereo and audio cables 165 and 
170 extend from ?rst interface 115 to audio mixer 175 and 
from the mixer to poWer ampli?er 185 and then to the left 
and right speakers 185 and 190. 

[0024] Preferably, microphone ampli?er 106 is connected 
to a FireWire audio interface 115. FireWire is a recording 
industry standard protocol for transmission of audio data, 
such as, for instance, a Metric Halo Mobile I/O, or a 
comparable 8-channel in and out interface. Preferably, 
microprocessor 108 implements the MIDI protocol; and as 
a non-limiting example, the second interface 120 is a MOTU 
MIDI Express XT. Like all comparable commercial prod 
ucts, it enables many routing options for large amounts of 
data. It is capable of handling far greater amounts of data 
transmission than is generally needed for the present inven 
tion. 

[0025] The use of second computer 140 is optional. Three 
types of control data are provided at the output of ?rst 
computer 135: basic note data, volume data, and preset 
changes. In the absence of the second computer, this data is 
passed back by FireWire cable 155 into the FireWire inter 
face 115 Where it controls the signals provided to the sound 
system via cables 165 and 170. In the alternative, the control 
data from ?rst computer 135 is provided to second computer 
140 Where it undergoes additional processing. In that case, 
the output from second computer 140 is routed back into the 
FireWire interface 115, Where it controls the signals provided 
to the sound system. 

[0026] While the use of a second computer 140 is not 
needed for fully functional performance, it is generally 
useful to accomplish more dynamic musical objectives in 
terms of categories of timbre or sonic color, and the Way in 
Which multiple simultaneous voices are brought into relation 
With one another, call it voicing or layering. There are four 
categories of timbre: instrument timbre, harmonic timbre, 
timbre density, and texture. Of voicing and layering, there 
are likeWise four: monophony, homophony, heterophony 
and polyphony. Together, these concepts enable description 
of the inner horizon of sound. The accomplishment of 
dynamic musical objectives entails complex synthesis, 
Which in turn requires a large amount of CPU expenditure. 
All of the synthesis could be packed into one application, but 
only at the expense of sloWer response to the controller. 

[0027] Referring to FIGS. 2A and 2B, in one embodiment, 
controller 105 comprises four main interconnected parts: a 
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mouthpiece 200 into Which a player bloWs air, a neck 260, 
a housing 220 supporting a ?ngering mechanism, and an 
enclosure 250 for a circuit board (not shoWn). Mouthpiece 
200 comprises an outside microphone 215, an inside micro 
phone 205, a Wind separator 210 and a lip plate 295. The 
terms “inner” or “inside” are indicative of a position closer 
to a player than a position modi?ed With “outer” or “out 
side.” Neck 260 of the ?ute controller comprises an outer 
tube 298, an inner tube 296, and a stabiliZer 297. Tubes 298 
and 296 connect the mouthpiece 200 With the housing of the 
?ute controller 220. The tubes provide structural support and 
one of them carries the microphone cables Within. Stabilizer 
297 prevents tubes 298 and 296 from drifting and Wobbling. 
In one embodiment of the invention, the neck 260 can be 
folded doWn for convenience in transporting the instrument, 
as Well as to enable variable angles that the player may feel 
more physically comfortable With While performing. Hous 
ing 220 comprises ?nger track pads 225-245 and ?nger 
holes 255, 256 and 257. Finger track pads are manipulated 
With, as a non-limiting example, the folloWing: pad 225* 
left hand thumb, pad 230ileft index ?nger, pad 235ileft 
ring ?nger, pad 240iright index, and pad 245iright ring 
?nger as illustrated in FIG. 5A. Enclosure 250 encloses a 
circuit board shoWn in FIGS. 6A and 6B Which includes the 
microprocessor 108 and the preliminary microphone ampli 
?er 106. In one embodiment of the invention, the circuit 
board additionally includes cable ports. 

[0028] Referring to the side vieW of FIGS. 2B and 4A, 
Wind separator 210 facilitates the splitting of a tubular 
column of air, as produced by the musician’s bloWing of air 
into the mouthpiece. Lip plate 295 ?ts into the space 
betWeen the chin and the loWer lip, and contours into the 
curvature of the face. The contouring curvature of the lip 
plate alloWs it to snug into a stable position With respect to 
the player’s face. 

[0029] In one embodiment, the present invention uses 
microphones unconventionally as signal amplitude sensors. 
Whereas microphones conventionally act as converters from 
acoustic sound to an electronic audio signal, in the present 
invention the microphones perform the unconventional 
function of signal amplitude sensors, and do so by respond 
ing to the friction noise from the bloWing of air directly onto 
the microphone surface. Friction noise is a by-product of 
strong ?uctuations of air molecules moving in and out of the 
microphone Which causes the microphone to overload and to 
generate noise instead of passively representing sound in the 
acoustic environment. The present invention uses this phe 
nomenon at very loW gain levels of operability of the 
microphone, Where the noise does not produce distortion in 
the signal. At the higher gain levels normally needed to 
record acoustic sound, the noise causes microphone over 
load and distortion in the signal. Overload and distortion is 
What recording engineers especially attempt to avoid in the 
conventional use of the microphones. 

[0030] FIGS. 3A-3C schematically depict alternative 
mouthpiece embodiments. The alternative embodiment in 
FIG. 3A includes a Wind separator 265, an outside micro 
phone 266, an inside microphone 268 and an additional 
microphone 267 Which is set in the mouthpiece aWay from 
direct contact With the air column produced by the player. 
Microphone 267 is used conventionally to amplify the 
player’s breath sound, distinct from the friction detection on 
the microphone surfaces, and to use it in the application as 
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an audio signal. The sound source can further be integrated 
into the synthesis procedures or alternatively analyzed for 
timbre differences Which in turn become additional control 
lers. In the second instance, “timbre differences” means 
bandWidth changes in the frequency spectrum of the breath 
noise. (For example, “sssss” has a higher frequency content 
than “lflff.”) 
[0031] A non-limiting example of frequency tracking 
techniques in generating control data is as folloWs. The 
breath sound is routed through a ?lter on the computer. The 
?lter routes the breath sound through speci?ed bandWidth 
channels (i.e. LoW, Middle and High). The breath Will either 
be complex enough, or not, in its frequency spectrum, such 
that sound Will pass through any or all three channels. 
Typically there Will be some signal at all three bandWidths, 
but the amplitudes of those signals can be quite different. 
The amplitude can be measured and calculated. Threshold 
triggers can be introduced so that a toggle is turned on When 
the amplitude exceeds a speci?ed value. 

[0032] The alternative embodiment in FIG. 3B includes a 
cross-Wind separator 271, a left outside microphone 269, a 
right outside microphone 270, a left inside microphone 273, 
and a right inside microphone 272. This embodiment 
expands the number of unconventionally employed micro 
phones to four microphones 269, 270, 272, 273, While at the 
same time alloWing for different porting and analysis of the 
input data streams. 

[0033] The alternative embodiment in FIG. 3C includes a 
cross-Wind separator 276, a left outside microphone 275, a 
right outside microphone 274, a left inside microphone 278, 
a right inside microphone 279 and an additional microphone 
277 Which is set in the mouthpiece aWay from direct contact 
With the air column produced by the player. This embodi 
ment also expands the number of unconventionally 
employed microphones to four microphones 274, 275, 278, 
279. Microphone 277 is used conventionally, namely, to port 
the player’s breath soundidistinct from the friction action 
on the microphone surfacesiand to use it in the application 
as an audio signal. 

[0034] It Will be apparent to those skilled in the art that 
various changes and modi?cations can be made Without 
departing from the spirit and scope of the present invention. 
Without being limiting, such modi?cations can include: a 
variation in the array, number, type, detection input and 
amplifying of microphones or other signal amplitude sen 
sors; and a variation in the number and placement of Wind 
separators. 
[0035] Referring to FIGS. 4 A-C, it Will be further appre 
ciated by those of skill in the art that a number of charac 
teristics interplay in the design of the microphones or other 
signal amplitude sensors. Without being limiting, such 
design concepts center on: housing for the microphones 
(open or closed); ergonomic microphone principles; maxi 
miZation of performance ef?ciency; and comfort of the 
player. As a non-limiting examples, performance ef?ciency 
considerations in the development of one embodiment of the 
invention include: 1) mounting and proximity positioning of 
microphones 205 and 215 in relation to each other and to the 
mouth; 2) placement of a Wind separator 210 such as to 
control the splitting of the air column in terms of distance; 
3) designing a lip plate 295 capable of providing a stable 
physical reference point for the player, such that consistent 
movements and performance practices can be developed. 
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[0036] FIG. 4B depicts a ?rst version of the mouthpiece, 
constructed on a hypothesis that because the player is alWays 
angling the instrument differently, the microphones should 
be set at different distances from the mouth. This version 
comprises a lip plate 290 and a Wind separator 291 on Which 
are mounted an inside microphone 205 and an outside 
microphone 215. Because of the player’s tendencies and 
performance bias, it may be more dif?cult to direct air to one 
microphone than another, and to bloW air more doWnWard 
than across the microphone surface. A solution Was sought 
by moving the disadvantaged microphone 215 closer to the 
mouth than the advantaged microphone 205, and by mini 
miZing the lip plate 290 by making it narroW and curved 
aWay from the face such as to give the player more license 
in hoW to move it While playing. The Wind separator 291 Was 
angled anticipating a tendency to bloW doWn rather than 
perpendicular to the face. This version Was found to alloW 
the player too much license, and therefore other constraints 
Were further sought to be developed in order to discipline the 
playing technique. 
[0037] FIG. 4C depicts a second version of the mouth 
piece. This version comprises a lip plate 293 and a Wind 
separator 292 on Which are mounted an inside microphone 
205 and an outside microphone 215. This version, Which 
utiliZes some of the shakuhachi mouthpiece design features, 
adds a greater mass to the lip plate 293 to alloW a better feel 
of the plate against the lip and to enable better manipulation. 
Additionally, this provides physical familiarity for shakuha 
chi players. A speculation driving this version is that the 
microphones should be segregated (due to the possibility of 
acoustic bleed independent from friction bleed). The Wind 
separator 292 performs a double function as it splits the Wind 
produced by the player and acts as an outer Wall that 
segregates the inner microphone 205. Thus, in addition to a 
separator, a shakuhachi like container Wall 292 is part of this 
version. Advantageously, in the versions of FIGS. 4B and 
4C, the distance of the tWo microphones to the mouth can be 
adjusted by the player to suit his/her playing style. The 
greater constraint of the version of FIG. 4C still creates an 
experience of one microphone being more difficult to excite. 
Contributing variables to this disadvantage could include, 
Without limitation: inequality of microphone gains, a soft 
Ware application defect viZ-a-viZ loss of gain or control 
ef?cacy, and establishment of a player’s practice routine that 
achieves hearing and actively responding to different ver 
sions of the softWare application. A development trend of 
this version is toWards producing a greater constraint in the 
mouthpiece, on the one hand, and toWards novel design 
solutions that bear less resemblance to any acoustic ?ute 
paradigms. 
[0038] FIG. 4A schematically represents a preferred 
mouthpiece version Which returns to an open housing. This 
version comprises a lip plate 295 and a Wind separator 210 
having ?rst and second major surfaces on Which are 
mounted an inside microphone 205 and an outside micro 
phone 215. Also shoWn are inner tube 296, outer tube 298 
and stabiliZer 297. In this version, problems of acoustic 
bleed are resolved, as the gain levels of the microphones 205 
and 215 are very loW. In this version the microphones 205 
and 215 are placed at the same distance from the mouth and 
angled more in toWards the face; that is, they are angled such 
that the microphone surfaces face the player’s face more 
directly. This enables equal response of the tWo micro 
phones, and permits a relaxed close-to-the-body posture. 
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The separator plate 210 extends further than before above 
the microphones 205 and 215. The distance of the leading 
edge of the separator plate from the lips is important: it can’t 
touch the lips but should be close enough so that the player 
has some small measure of physical aWareness of it. The 
equal distance of the microphones 205 and 215 eliminates 
overcompensating and alloWs the player to assume equal 
response. As previously determined, much of the disparity in 
microphone response is in part attributable to the habit of 
putting a greater percentage of the air column into the 
instrument than out resulting in the outside microphone 
consistently receiving less air. 

[0039] As shoWn in FIG. 4A, the microphones are angled 
such that they face the player’s face more directly. Thus, the 
player’s breath on average hits the tWo microphone surfaces 
more equitably. This eliminates any requirement that the 
instrument be held farther out from the player’s body, Which 
can be fatiguing as Was the case in earlier versions of the 
mouthpiece. To accommodate this playing position, the lip 
plate 295 rests loWer on the face ?tting betWeen the chin and 
the bottom lip (instead of resting solely on the bottom lip), 
thus alloWing the player more stability, stillness and e?i 
ciency, While alloWing the player to still make all normal 
movements With the jaW and the lips. At the same time, the 
player can deviate from a more stable normative technique, 
if desired. 

[0040] FIG. 5B is an enlarged side vieW of ?nger track 
pads 225, 230, 235, 240, 245 and ?nger holes 255, 256, 257. 
Finger track pads sense the proximity of a ?nger to an 
electro-magnetically sensitive surface. The dimensions of 
each pad are approximately 11/16Lh inch by 19/32n01 inch. The 
pads used here sense this proximity in three dimensions. The 
?nger holes are used to support the instrument. In an 
alternative embodiment of the invention, ?ngering sensors 
may be used in lieu of ?nger track pads. The ?ngering 
sensors consist of a con?guration of three or more one 
dimensional proximity sensors set into a metal ring, itself set 
on top of a pressure sensor. In this version there are at least 
four continuous controllers. An advantage of obtaining 
additional control has to be Weighed against ?nger sensitiv 
ity limitations. A general limitation of ?ngering sensors 
compared to ?nger trace pads is that they are more unWieldy, 
heavier and more di?icult to maintain. 

[0041] FIG. 5A shoWs a preferred placement of the left 
index and ring ?ngers and right index and ring ?ngers on 
track pads 230, 235, 240, 245, respectively. Illustratively, the 
top outside hole 255 is used by a left hand ?nger; the top 
inside hole 256 is used by the right hand thumb; the bottom 
hole 257 is used by the right little ?nger. A single ?nger (eg 
the right little ?nger) inserted in the bottom ?nger hole 257 
bears the main Weight of the instrument. 

[0042] Each of the ?ve ?nger track pads produce three 
continuous controls: X, Y and Z parameters. The positions 
of the ?nger on the ?nger track pad are: Xiup and doWn, 
YisideWays, left to right. Both X and Y controls have high 
resolution, producing a stream of numbers from 0 to 6000 
depending on the X and Y position of the thumb or ?nger on 
the track pad. The Z parameter measures the percentage of 
the ?nger track pad area covered. It is effectively a pressure 
sensor because the player needs to press harder to cover 
greater area. The Z control has a loWer resolution producing 
a stream of numbers in the range from 0 to 256 depending 
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on the percentage of the pad that is covered. The ?nger track 
pads are set so that the tendency is to use the index and ring 
?ngers. The thumb pad is normally used by the left hand. 
There is no thumb pad for the right hand. The right thumb 
and little ?nger are used to hold and stabiliZe the instrument. 

[0043] Finger track pad mounts 222, 223, 224 enable the 
player to access the entirety of the ?nger track pad. The 
mounts are customiZed milled mounts that are cut to alloW 
the edges and sides of the track pads to be completely 
available to touch. The milled mounts are aluminum pads 
custom shaped to secure the entire surface of the ?nger track 
pad and make it available for the largest range of possible 
?nger actions. Specialty cables (not shoWn) connect With the 
?nger trace pad at a 90 degree angle alloWing the cable to be 
routed directly into the body of the instrument. 

[0044] It is a further object of the present invention to 
provide an ergonomic design for ?ute controller driven 
dynamic synthesis system 100. Among others, several pre 
liminary guiding principles include the need: to exert as little 
physical effort as possible; to optimiZe the e?icacy of the 
physical gestures involved in performing, and to provide a 
look that is aesthetically pleasing to the senses. 

EXAMPLE 

[0045] In this example, the ?ute controller’s performance 
gestures are modeled on the shakuhachi ?ute. These gestures 
are distinguished by breath technique and ?ngering tech 
nique. The breath technique on the shakuhachi directs the 
Wind forWard and backWards, and to either side as Well. It 
thereby introduces a Wide range of timbre differences into 
the tone production. The technique of the transverse silver 
?ute by contrast is inspired by a “bel canto” (beautiful voice) 
model of tone production, and the technique aspires to keep 
the Wind direction very stable, thereby not introducing 
sudden timbre shifts into the tone production. The ?ute 
controller of the present invention is conceived as a timbre 
oriented instrument for Which the shakuhachi model pro 
vides a greater appeal. 

EXAMPLE 

[0046] In this example, the ?ute controller’s body is also 
modeled on the shakuhachi ?ute. The single most important 
feature of the shakuhachi body for ergonomic considerations 
is that it is a vertical ?ute, not a transverse ?ute. The body 
symmetry demonstrated in holding a vertical ?ute is less 
fatiguing than the left-to-right asymmetry demonstrated in 
holding a transverse ?ute. Verticality is the ?rst principle. 

[0047] It can be appreciated by those of skill in the art that 
even ostensibly small differences in the physical require 
ments in holding and manipulating an instrument can 
become very signi?cant fatigue factors When one considers 
the hours of activity the musician devotes to practicing. A 
condition for virtuosity on an instrument is facility at a 
micro-gestural level (e. g., the single ?nger shadings over the 
?nger hole that a shakuhachi player executes all the time are 
invisible to the audience member, but sonically very impor 
tant to the “vitality” of the sound). In a sense, the musical 
player is like an engineer, constantly ?nding Ways to ease 
and disperse load requirements, often by dynamically shift 
ing and transferring the burden of that load. 

[0048] Like most acoustic models, the shakuhachi has 
some ergonomic draWbacks as Well as assets. Even though 




















